The structural gene for alkaline phosphatase (orthophosphoric monoester phosphohydrolase; EC 3.1.3.1) of Bacillus licheniformis MC14 was cloned into the PstI site of pMK2004 from chromosomal DNA. The gene was cloned on an 8.5-kilobase DNA fragment. A restriction map was developed, and the gene was subcloned on a 4.2-kilobase DNA fragment. The minimum coding region of the gene was localized to a 1.3-kilobase region. Western blot analysis was used to show that the gene coded for a 60,000-molecular-weight protein which cross-reacts with anti-alkaline phosphatase prepared against the salt-extractable membrane alkaline phosphatase of B. licheniformis MC14.
17), a detergent-extractable membrane form (19) , and an enzymatically inactive form in the cytosol (unpublished data). These various APase species are immunologically related. It has been shown that culturing conditions significantly affect both the distribution and the amount of synthesis of APase (8, 15, 19) . Although there are less extensive localization studies of APase in B. subtilis, seemingly contradictory reports of cell-bound (22, 24) or membrane-associated (inner leaflet) (7) and secreted APase (4, 27) in the organism have also been made.
It is difficult to interpret the localization data (active dimer associated with inner leaflet of cytoplasmic membrane [6, 21] versus active dimer secreted [Hulett et al., submitted for publication]) based on any of the current models for protein secretion (3, 7, (23) (24) (25) or insertion of proteins into membranes (13, 18) .
There are at least two possibilities which would explain these data. Either there is a single structural gene which is under uniquely complex transcriptional and translational regulatory control or there are mnultiple structural genes for APase which account for the synthesis of different species directed to different locatioris depending on the growth conditions. (Thd lattor possibility is supported by the fact that there have been no APase-negative mutants isolated in Bacillus strains which are due to mutation in the structural gene [phoA] .)
We have cloned the phoA gene of B. licheniformis (MC14) on multicopy plasmid pMK2004 to facilitate regulatory and structural studies on APase. This paper reports the steps involved in cloning and subcloning the phoA gene, a restriction map defining a minimum coding region, and evidence of relatedness of the cloned gene product to the APase isolated and characterized previously.
MATERIALS AND METHODS Bacterial strains and plasmids. The bacterial strains and plasmids used are given in Table 1 . Escherichia coli Xph9Oa, which contains deletion E15 within phoA (phoA8), was obtained from J. Beckwith via P. Berg (1, 11) .
DNA isolation. Small-scale plasmid DNA isolation was done by a modification of the method of Birnboim and Doly (2) . Cesium chloride equilibrium centrifugation DNA isolation was used for large-scale purification of plasmid DNA.
Media. Antibiotic screening was performed on Luria agar plates, using penicillin G at 150 jig/ml, kanamycin (Kan) at 50 jig/ml, or tetracycline at 30 ,ug/ml.
Screening and selection were carried out on 1% Neopeptone plates (Difco Laboratories) containing 1.5% Noble agar, 0.1 M Trisma Base (pH 7.5), 1% NaCl, 50 pg of kanamycin per ml, and 50 ,ug of 5-bromo-4-chloro-3-indolylphosphate-p-toluidine (XP) (Neo-XP-Kan plates). The indicator dye (XP) was obtained from Sigma Chemical Co. When selection on penicillin G was required, screening was carried out as a second step on the above Neopeptone plates with an antibiotic. It has been reported (1) and we confirmed that XP significantly decreases the effect of penicillin concentration.
Enzymes. Restriction enzymes were obtained from Bethesda Research Laboratories or Amersham Corp. Digestions were carried out in high, medium, or low buffer as described previously (14) . Digestions were at 37°C for 1 Fig. 1 with restriction sites indicated. The following deletion plasmids and subclones were generated to determine the locus of the phosphatase gene (Table 2 ). An EcoRIj-EcoRI2 deletion (pMH8A1) of pMH8 resulted in a plasmid 2.75 kb smaller Figure 2 shows the restriction map of pMH81. The PvuII site (PvuII3) implicated in the coding region maps at 5.0 kb. Deletions and subclones used to map the coding region are given in Table. 2. The HindIll subclone (HindIII3-HindIII4) did not contain the gene; the BglII deletion (BglII2-BgIII3) did not interrupt the gene. Therefore, the HindIll site at 4.1 kb must be in the coding region.
TnS insertional mutagenesis of pMH81 was used to further map the gene. The procedures used are described above. pMH81 plasmids carrying TnS were used to transform strain Xph9Oa. The resulting transformed cells were selected and screened on Neo-XP-Kan plates. The location of the TnS insertion was mapped in all of the plasmids which did not cause APase production in transformed Xph9Oa, indicating that the insertion was in the coding region of the gene. Of the 15 separate clones, all mapped between XhoI2 and PvuII3. The one which mapped furthest from the PvuII3 site was at 3.64 kb, as indicated on the map of pMH81 (Fig. 2) .
Deletions were constructed by cutting pMH81 with XhoI, followed by nuclease(s) ExollI-SI digestion and ligation (Fig.  3) . ExoIII-SI nuclease mapping was performed as outlined above. Deletion plasmids were used to transform strain Xph9Oa. Plasmids from blue and white colonies were isolated, and the extent of the deletion in each was mapped. Colonies containing plasmids with deletions from XhoI2 to 3.6 (on pMH81) remained blue. Plasmids with larger deletions (from XhoI2), past the point (3.64 kb) at which TnS insertion caused inactivation of the APase gene on pMH81, showed no APase production when used to transform Xph9Oa. This locates one terminus of the gene between 3.60 and 3.64 kb. The minimum size of the coding region is calculated to be 1.3 kb with the right terminus of the gene in pMH81 close to 3.64 kb and the left terminus of the gene containing the PvuII3 site. Preliminary transcription mapping studies indicate that transcription starts at least 150 bases before the PvuII3 at 5 kb.
Expression of B. licheniformis gene in E. coli. Although the blue colony color of cells (Xph9Oa) containing pMH8 or pMH81 on XP plates is easily detected after 2 days, no APase production in growing cultures could be measured. Western blot analysis was used to determine (i) the relatedness to the APase species previously studied and (ii) the size of the cloned gene product. Figure 4 shows an autoradiogram of a Western blot which had been treated with rabbit anti-APase, followed by 125I-labeled goat anti-rabbit immunoglobulin G. Lanes containing purified APase (lane 1) or cell lysates of Xph9Oa carrying pMH81 (lane 3) show a 60,000-molecular-weight band (Fig. 4) Further characterization of this gene should reveal the reasons for APase compartmentalization in the cell (9, 20, 21) , its secretion as an extracellular enzyme (Hulett et 
